Introduction {#sec1}
============

Globally, peripheral health workers are the final common pathway for implementation of all health programmes in the primary health care delivery system. While declaring 2006--2015 as the decade of health workers, World Health Organization (WHO) emphasized the importance of their performance \[[@ref1]\]. WHO defined performance in four dimensions, viz., responsiveness, productivity, competence and availability. Competence accounts for knowledge, skill, ability and is also used as a marker of performance in many settings \[[@ref2], [@ref3]\] and affects the desirable outcome of any health programme \[[@ref2]\]. Among the peripheral health workers, nurses play a central role in delivering services at all levels in the health care delivery system \[[@ref4]\]. In view of the fact that pneumonia and diarrhoea are two major killers of children under-five worldwide \[[@ref5]\], the health workers' competence becomes critical in the detection and management of common syndromic conditions such as diarrhoea, acute respiratory tract infections (ARI), fever and malaria.

India is currently experiencing a severe shortage of human resources in the health care setting \[[@ref6]\]. The existing health care workforce is characterized by a variety of health workers working at different levels \[[@ref7]\]. The peripheral female health workers known as auxiliary nurse and midwives (ANMs) constitute 30% of all health workers \[[@ref8]\] and the estimated density is 2.4 per 10 000 population \[[@ref8]\]. They work at the health sub centre (HSC) level and perform several activities ranging from maternal and child health care to detection, management and reporting of common syndromic conditions like diarrhoea, cough less than 3 weeks, fever and malaria, under different national programmes including surveillance. Diarrhoea and ARI are the major killers of Indian children in the under-5 age-group \[[@ref9]\]. Hence, the workers' competence in the detection and management of those conditions is as critical as primary care givers when the nation\'s health care work force is experiencing severe shortages. However, we currently do not have any published information on the competence of peripheral health workers in the detection and management of common syndromic conditions.

West Bengal province in Eastern India has a structured health care delivery system. Peripheral female health workers \[known as first ANMs (1st ANMs)\] work at the HSC level and report to the authorities at the sub-district (called 'block') level. Block health authorities report to the District Health Officials and in turn, the District reports to the State. An organizational review of the Health Department of the Government, carried out in 2006, found 1st ANMs spent 35% of their time preparing reports and meetings \[[@ref10]\]. The review also identified issues at the HSC level, related to the physical conditions, work load, supervision and monitoring; however, they did not quantify the impact of these issues on performance level.

In North 24 Parganas District of West Bengal, our evaluation of acute diarrhoeal surveillance under integrated disease surveillance programme (IDSP) revealed that only one fifth of the 1st ANMs knew the correct definition of diarrhoea \[[@ref11]\]. According to district surveillance data for 2014, of all the syndromic conditions reported at HSCs, fever less than a week, cough with fever less than a week and diarrhoea constituted 42%, 36% and 20%, respectively \[[@ref12]\]; however, no information was available on the accuracy of the detection of these conditions.

When the health system is experiencing a severe shortage of human resources, having competent peripheral health workers becomes critical \[[@ref6]\]. In this context, we measured the level of competence among the 1st ANMs to detect and manage cases of diarrhoea, ARI, fever and malaria. As a secondary objective, we identified factors associated with 1st ANMs inadequate competency in detection and management of these syndromic conditions.

Methods {#sec2}
=======

Study design {#sec2-1}
------------

We conducted a cross-sectional study in North 24 Parganas District of West Bengal province of India.

Sampling procedure {#sec2-2}
------------------

We used simple random sampling from a sampling frame of 738 1st ANMs. We generated a random numbers list using Open Epi Version 3 software \[[@ref13]\].

Sample size {#sec2-3}
-----------

We assumed 40% of the 738 1st ANMs in the study district to have adequate competency, based on results of a similar study done in Bangladesh on community health workers \[[@ref14]\] and based on that, we needed to recruit 272 1st ANMs accounting 5% absolute precision, 95% confidence interval (CI) and 10% non-response. We used Open Epi Version 3 for calculation \[[@ref13]\].

Operational definitions {#sec2-4}
-----------------------

### Diarrhoea {#sec2-4-1}

We defined diarrhoea as passage of three or more loose or watery stools in the past 24 h with or without dehydration \[[@ref15]\].

### Acute respiratory tract infection {#sec2-4-2}

We defined a case of ARI as a person with sudden onset of fever of \>38 °C and cough or sore throat in the absence of other diagnosis \[[@ref16]\].

### Suspect malaria {#sec2-4-3}

We defined it as any patient with fever, with no other obvious cause, to be considered a case of suspected malaria. Any community health worker observing a case of suspected malaria must initiate a diagnostic test, either through the microscopy of blood to identify malarial parasites and/or a rapid diagnostic test \[[@ref17]\].

### Competency {#sec2-4-4}

We defined competency based on their response in a clinical vignette \[[@ref3], [@ref18]--[@ref21]\].

### Overall competence score (%) {#sec2-4-5}

We defined over all competence score (%) by combining marks obtained through the clinical vignettes for each of the four conditions of interest: diarrhoea, ARI, fever and malaria.

### Adequate competency {#sec2-4-6}

Overall score of ⩾75% \[[@ref19]\].

### Inadequate competency {#sec2-4-7}

Overall score of \<75% \[[@ref19]\].

Data collection procedure {#sec2-5}
-------------------------

### Measuring competence {#sec2-5-1}

We measured competence using clinical vignettes specific to the studied conditions \[[@ref3], [@ref18]--[@ref21]\]. Four major steps were followed while developing the vignettes: identification of conditions of interest, development of sections, constructing vignettes and validation \[[@ref21]\].

#### Clinical vignettes {#sec2-5-1-1}

We developed the four-condition specific clinical vignettes after reviewing published literature. The vignettes contained sections on history taking, eliciting signs and management \[[@ref21]\] and options were provided for each question in the vignettes. While collecting data, all the study participants were given all four clinical vignettes to complete.

#### Determination of factors associated with inadequate competence {#sec2-5-1-2}

We collected information on socio-demographics, work and health system related factors through interviews using a structured questionnaire and data abstraction form.

We collected information on health system level factors such as availability of drugs for the month preceding the survey, number of supervisory visits during September--November 2015, participation in integrated management of neonatal and childhood illness (IMNCI) training. We also abstracted information on training on IMNCI from administrative records of the district.

Quality assurance {#sec2-6}
-----------------

Prior to the initiation of the study, the study protocol underwent peer review. Clinical vignettes were adequately validated and pilot tested before administration. Double data-entry was employed when uploading data into the software and data were cleaned where necessary.

Data analysis {#sec2-7}
-------------

### For measuring competence level {#sec2-7-1}

We calculated descriptive statistics for all the continuous variables. We calculated competence scores based on identified correct answers in the vignettes. We awarded one mark for the section focused on the personal details of the patient, 2 marks for history taking as well as advice on home care/prevention, 2.5 marks for eliciting signs and 3 marks for treatment/management. For questions with multiple answers, 1 mark was deducted from the total for each wrong answer. Finally, marks on eliciting personal details and history related answers were combined to calculate the total mark for the history taking section. Marks obtained on treatment/management and advice on homecare/preventive aspect were combined and to obtain a total score for the management section. The total score of each vignette was converted in to percentage. Competence score (%) was calculated for each syndromic condition and an overall competence score (%) was calculated by combining marks obtained in all four vignettes. We described overall competence score (%), competence score for each condition (%), competence score (%) in each section in quartiles. We calculated 95% CI for the proportions. We drew boxplots for each of the syndromic conditions of interest.

### To determine the factors associated with inadequate competence {#sec2-7-2}

The questionnaire had eight parameters which investigated the satisfaction level of study participants regarding annual leave, salary, recognition, time spent with family, workplace security, application of knowledge and skill, reporting system, getting respect from community they work for. For each parameter participants were asked a set of questions to explore their satisfaction level, measured using a five-point Likert scale. A score of four or five was considered an agreement with the construct and the variables were categorized accordingly. We used simple logistic regression to compute crude odds ratio (OR) with 95% CI. We examined multi-collinearity among the variables and used multiple logistic regression to calculate the adjusted OR (AOR) with 95% CI for each of the variables found significant in the univariate analysis, adjusted for potential confounders. We used interaction term to account for effect modifiers. As, this was our secondary objective, among the above mentioned eight parameters for which satisfaction level was investigated, finally we reported only those which had an association with overall inadequate competency.

We used Epi Info 7 and SPSS.22 (Student Version) for analysis.

Bias {#sec2-8}
----

We anticipated selection bias; hence, we created the sampling frame of 1st ANMs and used simple random sampling to select study participants. We anticipated errors in the measurement of competency while using clinical vignette and not actual performance and therefore expected misclassification of outcomes (competency level). In the absence of availability of standard clinical vignettes for measuring competency, we developed a tool based on published work from relevant settings \[[@ref21]\]. We developed them in English and then translated to Bengali. We ascertained the content validity by a review of the clinical vignette by District public health officials (21). Further, we pilot-tested the clinical vignettes in two-areas. We made necessary corrections based on the pilot-testing and set 45 min as the maximum time given for answering all vignettes. We used cut off of scores used in published studies \[[@ref16]\] in similar settings to categorize the participants in to adequately and inadequately competent groups. We measured all exposures including anticipated confounders. The principal investigator (FD) interviewed all the participants to reduce interviewer bias. Further, to reduce recall bias, for certain exposures we used record-based information instead of relying on interviews. For instance, we abstracted information on training on IMNCI from administrative records of the district. While analyzing data, we identified confounders and adjusted accordingly.

Human participant\'s protection {#sec2-9}
-------------------------------

We obtained approval from the Institutional Human Ethics Committee of the National Institute of Epidemiology, Chennai, India. We obtained approvals from the district administration to conduct the study. We obtained written informed consent from study participants before data collection. We maintained confidentiality.

Results {#sec3}
=======

Baseline characteristics of the study participants {#sec3-1}
--------------------------------------------------

We recruited 272 study participants with a mean age (standard deviation) of 43.7 (9.8) years (range: 22--59). Little over 50% were aged between 46 and 59 years ([Table 1](#tab01){ref-type="table"}). The majority of participants were married and less than 50% had a graduate degree or above. Of the 272, 14 (5%) stayed within the health sub-centre area. Most had more than 11 years (median = 22 years; inter-quartile range (IQR) = 10--28 years) of service experience. The median time of daily travel was 2 h (IQR: 1.1--4 h) with more than 50% of participants travelling every day for 2 h or more. The majority of study participants (82%) reported that their HSC served more people than the target population of 5000, set by the Indian Public Health Standards Guidelines for Sub-Centres \[[@ref22]\] ([Table 1](#tab01){ref-type="table"}). Table 1.Baseline characteristics of study participants (N = 272): Cross-sectional study of competency among peripheral health workers, North 24 Parganas District, West Bengal, India, 2016Characteristics*n*%Age (years)22--30401531--45903346--5914252Married25393Attained graduate degree or more11542Residing within Health sub centre area145Residing within Block area she works10338Service experience (years)\<51765--105821\>1019772Daily travel time of ≥2 h17364Cater \>5000 population22282

Competence level among study participants {#sec3-2}
-----------------------------------------

In total 185 study participants (68%, 185/272) scored 75% or above (95% CI 62--74) in the overall competence score ([Table 2](#tab02){ref-type="table"}). One quarter (*n* = 69) of the study participants scored between 50 and \<75% (95% CI 20--31) and less than 1% of participants scored \<25%. The competency score for detection and management was highest for diarrhoea (81%) and least for ARI (43%) ([Table 2](#tab02){ref-type="table"}; [Fig. 1](#fig01){ref-type="fig"}). Further, when we looked in to the individual sections for all four conditions, we found only 60% of participants scored 75% or above in eliciting signs ([Table 2](#tab02){ref-type="table"}). Within the domain of detection and management, in fever and malaria vignette, 179 (66%,179/272) and 249 (92%, 249/272) study participants scored 100% in eliciting sign section respectively, while the rest scored zero (results not shown in [Table 2](#tab02){ref-type="table"}). Fig. 1.Median competence score (%) of 1st auxiliary nurse midwives in detection & management of common syndromic conditions -- diarrhoea, ARI, fever and malaria: Cross-sectional study of competency among peripheral health workers, North 24 Parganas District, West Bengal, India, 2016. \*, represents extreme outliers; o, represents mild outliers; ARI, acute respiratory tract infection. Table 2.Overall, condition specific, section specific competence score (%) of 272 1st Auxiliary Nurse Midwives: Cross-sectional study of competency among peripheral health workers, North 24 Parganas District, West Bengal, India, 2016Score categoryOverall competence scoreCompetence score by conditionCompetence score by sectionsDiarrhoeaARIFeverMalariaHistory takingEliciting signManagement*n*%95% CI*n*%*n*%*n*%*n*%*n*%*n*%*n*%\<25%20.70.1--3%0041529352524225--49.9%1663--9%1043814341312421825912450--74.9%692520--31%401511342108404316622380296323≥75%1856862--74%22282117431254620877184681626019371[^1]

Factors associated with overall inadequate competency (overall competence score \<75%) {#sec3-3}
--------------------------------------------------------------------------------------

Age above median (OR = 2.7; 95% CI 1.5--4.9), service experience of 22 years or more (OR = 1.8; 95% CI 1.1--3.1), ever trained in integrated management of neonatal and childhood (IMNCI) (OR = 2.4; 95% CI 1.4--3.9), experienced a stock out of two to three drugs in the preceding month (OR = 1.9; 95% CI 1.1--3.4), serving a population more than 5000 (OR = 3.5; 95% CI 1.5--8.7), lacking the support of the block health authority (OR = 1.8; 95% CI 1.1--3.1), dissatisfied with the amount of annual leave (OR = 2.1; 95% CI 1.1--4.1) were all associated with overall inadequate competency ([Table 3](#tab03){ref-type="table"}). Table 3.Factors associated with inadequate competency: Cross-sectional study of competency among peripheral health workers, North 24 Parganas District, West Bengal, India, 2016CharacteristicsOutcomeCrude OR \[95% CI\] {*p* value}Adjusted OR \[95% CI\] {*p* value}Inadequately competent (*N* = 87)Adequately competent (*N* = 185)*n*%*n*%Sociodemographic characteristicsAge (years) ≥43.76878.210556.82.7 \[1.5--4.9\] {\<0.01}--Service experience (years) ≥225360.985461.8 \[1.1--3.1\] {0.02}--Health system level factorsReceived IMNCI training ever (Yes)4551.75831.32.4 \[1.4--3.9\] {\<0.01}2.4 \[1.4--4.1\][^a^](#tfn3_2){ref-type="table-fn"} {\<0.01}No. of stock out drug in preceding month of interview≤12326.46937.3RefRef2 to 35462.18445.41.9 \[1.1--3.4\] {0.02}1.9 \[1.1--3.5\][^b^](#tfn3_3){ref-type="table-fn"} {0.02}\>31011.53217.30.9 \[0.4--2.2\] {0.88}0.9 \[0.4--2.1\][^b^](#tfn3_3){ref-type="table-fn"} {0.88}Population served by ANM (\>5000)8091.914276.83.5 \[1.5--8.7\] {\<0.01}--Block supports ANM\'s work (No)4754.07238.91.8 \[1.1--3.1\] {0.02}--Individual level factorsANM feels satisfied with annual leave she gets (dissatisfied)7383.913271.32.1\[1.1- 4.1\] {0.02}--[^2][^3][^4]

After adjusting for potential confounders, we found those who received training in IMNCI were two times more likely to be inadequately competent (AOR = 2.4; 95% CI 1.4--4.1). Those who experienced a stock out of two to three drugs in the preceding month of interview compared with those who did not experience any drug stock out or stock out of only one drug (reference category) were almost two times more likely to be inadequately competent (AOR = 1.9; 95% CI 1.1--3.5) ([Table 3](#tab03){ref-type="table"}).

We did not identify any effect modifier for the association of inadequate competence and different exposure variables.

Discussion {#sec4}
==========

In a cross-sectional study, using clinical vignettes, we measured the competency level and factors associated with inadequate competency among 1st ANMs for the detection and management of a few important syndromic conditions in North 24 Parganas District of West Bengal. We estimated that two-thirds of 1st ANMs were adequately competent to detect and manage all four conditions. Less than half of the participants were adequately competent in the detection and management of ARI and fever. However, in the individual sections of the competency tool, we identified that study participants scored lowest in eliciting signs compared with history taking and management. Receiving training in IMNCI and experiencing stock out in the preceding month were independently associated with overall inadequate competency.

Overall, more study participants than assumed were adequately competent in detection and management of all four conditions. But when we looked in to each condition, we found less number of them scored adequately in detection and management of ARI and fever. This could be attributed to the fact that the majority of the 1st ANMs were unaware or forgot age-specific respiratory rate. Moreover, most of them were confused about confirming malaria by blood test in fever cases. They actually did not know that all fever cases should be suspected for malaria, after ruling out other common causes and confirmed through blood test as per the guidelines of National Vector-borne Disease Control Programme. Compared with history taking and management section, fewer study participants scored adequately in eliciting signs section. This may be partially explained by their work load. Most of the study participants serve population exceeding the set norm \[[@ref22], [@ref23]\]. Those who serve larger population, tend to have greater workloads to complete within their fixed working hours. It is therefore possible that their quality of work can deteriorate over time, which in turn, can further affect their competency \[[@ref24]\]. Unexpectedly, we also found that ANMs with more service experience were more likely to be inadequately competent. Moreover, in our study we found that those who reported lack of support from the block health authority had greater odds of being classified as inadequately competent. Regular supervision and support from supervisors have been globally identified as important factors for good performance among health care workers at all levels \[[@ref19], [@ref24]\]. Systematic supervision using clearly defined quantifiable indicators can actually improve competence of health workers \[[@ref19], [@ref24]\]. However, if the supervision mechanism is well structured, it is more likely to confer support to the health workers in the form of regular feedback, which may have an impact on individual competency. The matter of concern is, consequences of not knowing the age-specific respiratory rates/what to be done in fever case detection and management can be serious. That can ultimately lead them to use antibiotics inappropriately, specifically amoxicillin/cotrimoxazole, whenever children present with cough and fever \[[@ref19]\].

Study participants who received training in IMNCI, scored inadequately. As per the Government of India\'s National Health Mission programme, it was mandatory for health staff at various levels (including peripheral health workers) to undergo training on IMNCI \[[@ref25]\] to acquire knowledge and skill for proper detection and management of illness among new born and children. Moreover, IMNCI is an ongoing programme in most of the districts of West Bengal \[[@ref26]\]. Given such importance and widespread popularity of this programme, we presume that the quality of such trainings needs to be reviewed. Though the training was done in different batches, none of them included a pre-test or post-test. Moreover, in our study we also found that fewer participants scored adequately in detection and management of ARI, fever. There are studies in India which also questioned quality of training provided to auxiliary nurses and midwives under different programmes \[[@ref21]\] as training opportunities are one of the indicators for acquiring and maintaining competence of human resources to meet the health and public health needs of the country \[[@ref6]\]. Moreover, maintaining a competent frontline health work force becomes more important when the country\'s health system has a severe shortage of human resources \[[@ref6]\].

Availability of drugs is another critical aspect for optimal functioning of health workers \[[@ref19]\]. In this study, the majority study participants experienced a stock out of two to three drugs in the month preceding the interview. These types of drug stock outs were associated with inadequate competency. Studies in African countries showed similar results where lengthy drug stock out period and the erratic supply of drugs affected the performance of the health workers \[[@ref18], [@ref19]\].

Our study had few limitations. Firstly, the clinical vignettes used in the study may not be considered comprehensive for assessment of staff competency in detection and management of diarrhoea, ARI, fever and malaria as these were locally developed tool. As mentioned earlier we tried to reduce misclassification error. However, it is still possible that we might have underestimated the proportion of adequately competent 1st ANMs yet even in that scenario, nearly 70% of them having adequate competency is satisfactory. Moreover, these vignettes can be administered quickly in resource poor settings and they can hold patient level variations constant \[[@ref27], [@ref28]\]. Secondly, our study might suffer from information bias. We reduced both interviewer bias and recall bias by using a single interviewer and collecting key information from records than relying on interviews alone respectively. However, we believe that our finding on association of IMNCI training with competency may still have to be verified through performance review by local authorities \[[@ref29]\].

We conducted this study following epidemiological methods. Hence, our findings are entirely applicable to peripheral health workers in the study District and may be relevant to the State. In fact, the results of this study were similar to many such studies, conducted either in India or similar settings \[[@ref6], [@ref8], [@ref10], [@ref14], [@ref18]--[@ref23]\].

We found peripheral female health workers were adequately competent in history taking and the detection and management of diarrhoea; however, improvements to 1st ANMs' competency in detecting and managing ARI and fever are required. Receiving training in IMNCI and experiencing two to three drugs stock out in the preceding month of interview attributed to overall inadequate competency.

On the basis of our findings, we recommend maintaining and improving adequate competency of health workers through multiple methods such as refresher training, supportive supervision and ensuring support systems in the form of uninterrupted supply of drugs and periodic revisit of population norms and appropriate allocation of workers. As a long-term measure, we also recommend evaluating quality of training programmes for the health workers. Additionally, we recommend in-depth studies on their behaviour and interventions to improve individual level competency, especially due to continued shortage of health workers in the health system.

This study was partially funded by National Institute of Epidemiology, Chennai, India.
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[^1]: CI, confidence interval; ARI, acute respiratory tract infection.

[^2]: CI, confidence interval; OR, odds ratio; IMNCI, integrated management of neonatal and childhood illnesses; ANM, auxiliary nurse midwife; Ref, reference category.

[^3]: Adjusted for service experience.

[^4]: Adjusted for block supporting 1st ANM\'s work.
